Introduction
Traditional cuff based devices for blood pressure monitoring suffer from two basic drawbacks -despite their widespread use for more than a century. A significant physiological impact on the artery where the measurement is performed is inherent in the method and measurements taken in a medical environment at a single point in time may be affected by the psychological state of the subject on which measurements are taken. Additionally, healthy subjects will generally exhibit some variations in the blood pressure over time and especially a dip during nighttime [1] . Thus, there is a strong need for a device that with a minimum of interference can measure blood pressure over time and under conditions where the subject performs his or her normal doings and in such a way that the subject has no perception of when measurements are taken. The Sense solution is based on a concept involving three key elements: (1) Measuring variations in the diameter of an artery with a bioimpedance [2] principle (typically the brachial artery) synchronous with the beating of the heart. (2) Converting the distension to pulse pressure from a measurement of the pulse wave velocity (PWV, v) and (3) exploiting the nonlinear stress-strain relation of the artery to infer an estimate of the mean arterial pressure (MAP). Several other relevant quantities like pulse rate variability, augmentation index, central blood pressure and central PWV may be inferred. Bioimpedance, which implies near field non-propagating wave interaction, penetrates tissue much better than short wavelength (e.g. optical) interaction, which forms the basis for photoplethysmography [3] .
Theory and Assumptions
The electrical properties of tissue and blood forms the basis of the sensing method and the mechanical properties of tissues and in particular arteries provides the basis for the inference. Different types of tissue have different conductivities and permittivities, and not only are they different they also exhibit different dependencies on the excitation frequency [4] (e.g. exploited in electrical impedance tomography). A four electrode configuration is used for measuring distension and cross-sectional areas ( Figure 1 ). Pulse wave velocity has been measured both with two different configurations. The first is based on excitation and detection with the same electrodes applying two displaced sets. The other configuration is based on a sixelectrode configuration with excitation with one set of electrodes (middle) and detection with two sets of detection electrodes one displaced in the forward direction and the other set in the backward direction [6] . Finite element calculations have been performed in order to investigate the details of the field distributions and robustness in relation to anatomical variations and electrode positioning. Distension measurements appears to be very robust, displacements of electrodes with several centimetres has a minor effect. However, the configuration for PWV is less robust due to the fact that the measurement is performed over a stretch of about 5 cm, which is much smaller than the spatial width of the pressure pulse. In relation to mechanical properties we note that the blood is essentially incompressible, which also is fulfilled for muscles relative to most other types of tissues. Fat and especially subcutaneous fat is very deformable and also more compressible than muscles and blood. Very important in the present context is the stress-strain relation of arteries [5] , which to a good approximation is given by the following expression: where A is the cross-sectional area of the artery, and P 0 and A 0 are parameters; however, which can change e.g. as a consequence of a dilation of the artery e.g. through inhalation of nitroglycerine. In relation to the propagation of pressure pulses is the Bramwell-Hill equation is essential:
which relates pulse pressure to distension, A, through the Pulse Wave Velocity (PWV). Measuring v, A and (or estimating) A facilitates evaluation of the pulse pressure (assuming that the density of blood,  is known).
The observed signals may be perturbed by phenomena alien to the object of the measurement. Respiration will typically have a strong effect on veins, which may appear in the distension signals. A mild counter pressure of from 10 -20 mmHg is applied through a sensor band. This essentially eliminates the dynamic effects from veins. Body movements may imply a strong perturbation and thus schemes for validating the signals are mandatory.
Signal and data processing
Excitation is typically performed at five frequencies distributed in the interval from 50 kHz to 1 MHz. The detected signals are demodulated with a quadrature scheme: the signals are mixed with two reference signals one in phase and one in phase quadrature. This facilitates estimation of the complex impedance values. The filtering is performed with FIR filters. This fact facilitates filtering with no phase change except for a fixed delay. The high pass filter for dynamic measurements is applied with a Hamming/Hann window in order to minimize ringing in conjunction with the finite filter length. Corner frequencies are typically 1 Hz for distension measurements and 5 Hz for PWV measurements. The low pass filter is asymmetric in order to match the general asymmetric pulse with a corner frequency of from 10 Hz to 100 Hz.
Validation of the signals is performed through a training process where the most likely pulse shape for the specific subject (test person) is obtained. A correlation with individual pulses forms the basis for validation of pulses. 
